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Thyrotoxicosis presenting during pregnancy is a common clinical problem and can be challenging to
differentiate between physiologic patterns of thyroid dysfunction during gestation and intrinsic hyper-
thyroidism. This review provides a summary of the differential diagnosis, clinical presentation, diagnostic
options, potential adverse effects of maternal thyrotoxicosis to the fetus, and treatment recommenda-
tions for thyrotoxicosis arising in pregnancy.
 2014 The Authors. Published by Elsevier Inc. Open access under CC BY-NC-ND license.Introduction
Metabolic disorders, including thyroid dysfunction, are among
the most common pre-pregnancy diseases in pregnant women [1].
Thyrotoxicosis presenting in pregnancy can be particularly chal-
lenging, given the normal physiologic changes which occur and
limitations of laboratory and radiologic testing during pregnancy.
Early recognition, accurate diagnosis, and appropriate management
of thyrotoxicosis during pregnancy are important for decreasing the
risks of adverse maternal and fetal outcomes.Differential diagnosis
Thyrotoxicosis during pregnancy is suggested by a suppressed
serum thyroid stimulating hormone (TSH). Hyperthyroidism is
thyrotoxicosis arising from the thyroid; subclinical hyperthyroid-
ism is defined as a TSH concentration below the lower limit of the
reference range and normal free or total thyroxine (T4) and triio-
dothyronine (T3) concentrations, whereas overt hyperthyroidism isBY-NC-ND license (http://
11D), VA Greater Los Angeles
CA 90073, USA. Tel.: þ1 310
eung).
Inc. Open access under CC BY-NC-ND licedefined as TSH concentration below the lower limit of the reference
range and elevated concentrations of serum T4 and T3 [2]. The most
common cause of thyrotoxicosis in pregnancy is gestational tran-
sient thyrotoxicosis (GTT), which occurs from the stimulatory ac-
tion of human chorionic gonadotropin (HCG) on the TSH receptor.
GTT is reported to have a prevalence of 2e3% in a European pop-
ulation [3]. However, this is variable, and in a study of 184 women
in Singapore, the prevalence of GTT during the first trimester was
much higher at 11% [4]. GTT is also more common in patients with a
history of Graves’ disease prior to pregnancy, in whom the preva-
lence can be as high as 25% [5]. The prevalence of overt thyrotoxi-
cosis in pregnancy ranged from 0.2 to 0.7% in one large U.S.
population sample [6].
Other etiologies to consider in the differential diagnosis of
thyrotoxicosis during pregnancy include subtypes of overt hyper-
thyroidism, such as Graves’ disease, toxic multinodular goiter, and
toxic adenoma, as well as thyroiditis and exogenous thyroid hor-
mone use [6,7]. In addition, a rare cause of thyrotoxicosis during
pregnancy is trophoblastic disease. Molar pregnancies, which
include complete and partial hydatidiform moles, result from
abnormal genomic duplication associated with monospermic or
dispermic fertilization and subsequent loss of thematernal nuclear
genome [8]. The hyperthyroidism of trophoblastic disease is often
subclinical in nature; the incidence of symptomatic hyperthy-
roidism is very rare and confined to small case series or case re-
ports [9,10].nse.
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The signs and symptoms of thyrotoxicosis in pregnancy are the
same as those in nonpregnant patients and can include anxiety,
tremor, heat intolerance, palpitations, weight loss or lack of weight
gain, goiter, tachycardia, and hyperreflexia [11,12]. Distinguishing
between GTT and intrinsic hyperthyroidism is important, given the
differences in their course and recommended management. The
duration and types of symptoms may help guide diagnostic de-
cisions. The presence of goiter, ophthalmopathy, and persistence of
disease can be suggestive of Graves’ disease [13,14]. In contrast, GTT
rarely manifests with signs and symptoms of overt hyperthyroid-
ism, but is more commonly associated with the persistent vomiting
of hyperemesis gravidarum [13,15]. The severity of hyperemesis
correlates with the degree of hyperthyroidism and usually resolves
by 18e19 weeks of gestation [13,16]. Symptomatic hyperthyroidism
is also rare in trophoblastic disease, in which the more common
manifestations are vaginal bleeding and a characteristic “snow-
storm pattern” on ultrasound of the uterine contents [8].
Thus, although certain signs and symptoms can provide clues to
the underlying etiology of thyrotoxicosis during pregnancy, they are
not specific to any one disease. This significant overlap between
abnormal signs, symptoms, and physical exam makes laboratory
testing essential.
Diagnosis
Laboratory tests
TSH
Current guidelines by the American Thyroid Association,
American Association of Clinical Endocrinologists, and the Endo-
crine Society recommend that trimester-specific TSH ranges be
used in the evaluation of thyroid function during pregnancy, as
established from data of pregnant women [17e19]. Recommended
TSH ranges are 0.1e2.5mIU/L, 0.2e3.0mIU/L, and 0.3e3.0mIU/L for
the first, second, and third trimesters, respectively [17e19]. The
lower end of TSH is not well-established in pregnancy, and normal
values can be as low as 0.02 mIU/L [20,21].
Free T4
The variability and lack of standardization of the serum free
thyroxine (FT4) analog (direct) immunoassay, which is that avail-
able in most commercial laboratories, limits its utility in the diag-
nosis and management of hyperthyroidism during pregnancy. In a
Danish study of two cohorts of pregnant women living in the same
region, measurements of FT4 concentrations by two different im-
munoassays were widely variable across all gestational age groups;
up to 100% of FT4 levels in one cohort were outside the reference
range of the other [22]. Similar variability is seen when using
different immunoassays for measuring FT4 concentrations on the
same serum sample [23].
Such variability makes it difficult to establish pregnancy-specific
reference ranges for serum FT4 levels. Other techniques for assaying
FT4 levels, such as equilibrium dialysis and tandem mass spec-
trometry [24], are more accurate, but not widely available and
usually more costly.
Total T4, T3, and free T4 index
Given the lack of standardization of the FT4 assay and vari-
ability of its results, serum total thyroxine (T4) and triiodothyro-
nine (T3) levels are alternative options for assessing thyroid
function. Pregnancy is associated with increased thyroid binding
globulin (TBG) levels, due to the effect of estrogen on glycosylation
of TBG, and therefore, increased total T4 concentrations. Duringthe first trimester, total T4 levels increase by approximately 50%
due to this physiologic effect [3]; the normal upper limit of serum
total T4 concentrations is set at 1.5 times that of the non-pregnant
normal upper limit [17,18,25,26]. The proposal for the use of total
thyroid hormone levels is not without controversy, as variations in
TBG concentrations and the lack of well-established pregnancy
reference range for serum total T4 levels are disadvantages [27]. In
a study of more than 17,000 women without thyroid disease,
after establishing normative values for serum total T4 levels, there
was an 88% agreement in identifying subclinical hypothyroidism
(SCH) when using either the free T4 immunoassay or total T4
assay [28].
Measurement of the free T4 index (FTI), which adjusts for the
presence of binding proteins, has also been proposed as an alternate
and perhaps more accurate test for diagnosing hyperthyroidism
[17]. However, trimester-specific reference ranges for FTI have only
been established in one study of 152 antibody-negative pregnant
womenwithout known thyroid disease in Iran, a region considered
to be generally iodine sufficient [29].
TSH receptor antibodies
In pregnant patients undergoing evaluation for thyrotoxicosis,
measurement of serum TSH receptor antibodies (TRAb) is impor-
tant for both diagnostic and prognostic reasons. The presence of
antibodies, when evaluated concurrently with clinical findings, can
help differentiate Graves’ disease fromGTT [13]. In addition, TRAb is
able to cross the placental barrier to result in potentially adverse
outcomes, such as neonatal hyperthyroidism and hypothyroidism
[30,31]. The fetal thyroid gland begins to respond to the action of
TRAb at approximately 20 weeks of gestation, corresponding to the
decline of maternal TRAb titers due to gestational immune modu-
lation [32,33]. Serum TRAb measurements, when indicated, can be
used to guide the potential risk of fetal Graves’ disease and provide
important management decisions in utero.
According to guidelines by the European Thyroid Association,
the decision to measure serum TRAb titers should depend on risk
stratification determined by current and past treatment of Graves’
disease [34]. As the risk of complications is low in euthyroid
women with Graves’ disease who are not receiving antithyroid
medication and have no history of radioiodine treatment or thy-
roidectomy, measuring serum TRAb levels is not indicated in such
patients. In women who are taking antithyroid medication, it is
recommended to measure serum TRAb concentrations in the third
trimester, and if there is history of radioiodine treatment, early in
pregnancy, regardless of thyroid function status [34]. Current
guidelines by the American Thyroid Association and the Endocrine
Society recommend measuring TRAb at 20e24 weeks of gestation
in patients with past or present history of Graves’ disease [17,18].
Serum TRAb titers can also be used to help differentiate between
postpartum thyrotoxicosis secondary to destructive thyroiditis and
Graves’ disease [35].
HCG
HCG plays an important role in the maintenance of the placenta,
withserumlevelspeakingat9e10weeksofpregnancy. It is composed
of an a-subunit that is identical with that of TSH, LH, and FSH. Due to
itsweak binding to the TSH receptor, serumHCG concentrations have
a thyrotrophic effect that results in the TSH suppression seen in
womenwith GTT [36,37]. Hyperemesis gravidarum is more common
inwomenwithGTT, and serumHCG levels not only correlatewith the
degree of biochemical thyroid function, but also with the severity of
hyperthyroidism by laboratory assessment [38]. Biochemical evi-
dence of hyperthyroidism can be seen with serum HCG levels of
100,000e500,000 IU/L, and clinical hyperthyroidism can resultwhen
levels greater than 500,000 IU/L are measured [9,39]. Severely
A. Labadzhyan et al. / Journal of Clinical & Translational Endocrinology 1 (2014) 140e144142elevated serum HCG levels are observed in gestational trophoblastic
disease and usually are the first clue to suggest a molar pregnancy
upon initial presentation [9,36].
Imaging studies
Ultrasound
Although clinical presentation, serum thyroid function tests, and
serum thyroid antibody titers are usually sufficient for diagnosis,
thyroid ultrasonography to assess thyroid volume and blood flow
can be a helpful tool for differentiating Graves’ disease from
thyroiditis in the thyrotoxic pregnant woman [35,40]. If fetal
Graves’ disease is suspected, fetal thyroid ultrasonography can be
used to assess for a goiter and additionally, accelerated bone
maturation and sustained fetal tachycardia as signs suggestive of
fetal hyperthyroidism [41,42].
Thyroid nuclear medicine studies
Radioiodine uptake and scanning can lead to adverse fetal out-
comes, including those adverse effects associated with radiation
exposure to the developing fetus, as well as fetal hypothyroidism.
Thus, thyroid nuclear studies are contraindicated in pregnancy [43].
Adverse pregnancy outcomes of maternal hyperthyroidism
Mother and fetus
Overt hyperthyroidism (thyrotoxicosis arising from the thyroid
gland) during pregnancy can lead to poor maternal and fetal out-
comes. Maternal complications of pregnancy associated with hy-
perthyroidism include pre-term delivery, miscarriage,
hypertension, and heart failure [44,45].
In a recent report of 223,512 pregnancies from the U.S. Con-
sortium of Safe Labor, hyperthyroidism during pregnancy was
associated with 1.4-fold increased odds of induction of labor, a 1.8e
3.6-fold increased risk of preeclampsia, a 1.8-fold increased risk of
preterm births, and nearly a 4-fold increased risk of maternal ad-
missions to the intensive care unit following delivery, which
included mothers diagnosed with heart failure [6]. Although this
study did not include data regarding treatment of the maternal
hyperthyroidism, these complications are likely evenmore frequent
in women with poorly-managed hyperthyroidism. Severe compli-
cations of hyperthyroidism during pregnancy, such as maternal
heart failure, are associated with a lack of prenatal care or non-
adherence with antithyroid medications [45].
The fetal and neonatal complications of maternal hyperthyroid-
ism includegoiter formationandhyperthyroidism,which can lead to
intrauterine growth restriction and failure to thrive in the neonate
[46]. In a pregnant womanwith Graves’ disease fetal hyperthyroid-
ismcan result fromplacental transferof TRAb that stimulate the fetal
thyroid gland [31,42,47]. One report estimates that the frequency of
fetal hyperthyroidism ranges from 1 to 5% in women with Graves’
disease during pregnancy [48]. In particular, a significantly elevated
serum TRAb concentration late in pregnancy is associated with an
increased risk of hyperthyroidism in the newborn [47]. Based on this
association, some clinicians measure maternal TRAb or Thyroid
Stimulating Immunoglobulin levels in the third trimester of preg-
nancy to identify those at increased risk of neonatal Graves’ disease.
More specifically, guidelines recommend measuring TRAb levels at
20e24weeks gestation [17,18]. Althoughmore rare, fetal or neonatal
hypothyroidism is also a known complication that can arise from
shifting in the balance between thyroid stimulating and thyroid
blocking antibodies [49]. Fetal hypothyroidism can also result from
the transplancental passage of antithyroid drugs [50]. Central
hypothyroidism is seen in some infants of mothers with elevated
thyroid hormone levels during pregnancy [51].Childhood outcomes
The adverse effects of hyperthyroidism during pregnancy on
long term outcomes are less clear. In a prospective cohort study that
assessed variations in serum thyroid function during pregnancy,
maternal overt hyperthyroidism in early pregnancy was not asso-
ciated with childhood body composition and adverse cardiovas-
cular outcomes [52]. In another study that evaluated maternal
thyroid dysfunction and associated attention deficit hyperactivity
disorder (ADHD) and autism spectrum (ASD) disorders, there were
no associations of these diseases and treated maternal hyperthy-
roidism during pregnancy, compared towomenwith no preexisting
thyroid dysfunction [53].
Treatment
Thionamides
Current guidelines by the American Thyroid Association, the
American Association of Clinical Endocrinologists, and the Endo-
crine Society recommend the use of propylthiouracil (PTU) in the
first trimester of pregnancy, and consideration to switch to
methimazole after the first trimester [17,18,54]. These recommen-
dations are based on concerns of rare congenital abnormalities
associated with methimazole use during embryogenesis. In
breastfeeding mothers, antithyroid drugs (ATD) are considered safe
and can be used in moderate doses. The recommendation is to
administer ATD in divided doses immediately following each
feeding and for the breastfeeding infant to be monitored for po-
tential development of thyroid dysfunction [18].
In a retrospective study comparing treatment of pre-existing
Graves’ disease in the first trimester with PTU, methimazole, and
no treatment, the relative risk of major congenital malformations
was significantly higher in the methimazole group [55]. Congenital
malformations included aplasia cutis, omphalocele, symptomatic
omphalomesenteric duct anomaly and esophageal atresia.
Although there was a 2-fold increase in the odds of a congenital
malformation with methimazole treatment, the risk did not seem
to be dose-dependent. Similar findings were reported in a recent
large cohort study using a Danish nationwide registry. In this study
early pregnancy exposure was defined as start of antithyroid
treatment from 6 months before pregnancy start to the end of the
10th gestational week. Both methimazole/carbimazole (MMI/CMZ)
and PTU exposure in early pregnancywere associatedwith 1.39 fold
increased risk of birth defects, with no significant difference in the
overall prevalence of birth defects between the two treatment
groups. However, MMI/CMZ was associated with birth defects in
more organ systems compared to PTU, and a nearly 22-fold
increased risk of choanal atresia, esophageal atresia, omphalocele,
omphalomesenteric duct anomalies, or aplasia cutis compared to
nonexposed group. Furthermore, switching from MMI to PTU dur-
ing pregnancy did not decrease the risk of birth defects [56].
The potential reasons for the observed differences in fetal
congenital malformation rates regarding the use of specific thio-
namides is not clear. This does not seem to be related to differential
rates of placental passage, as one study reported that trans-
plancental cross-over was similar between methimazole and PTU
using an in-vitro assay of a perfused human term placental lobule
[57]. The small increased relative risks of neonatal complications
associated with methimazole may instead be related to the direct
action of each medication, and additional research is needed to
further understand this.
The choice of a thionamide in the treatment of maternal
hyperthyroidism during pregnancy involves balancing the risks of
adverse fetal outcomes with adverse maternal outcomes. Adverse
maternal outcomes can include drug rash, pruritus, and very rarely
hepatotoxicity [58]. While PTU is more hepatotoxic to the mother
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congenital malformations.
Subtotal thyroidectomy
Thyroidectomy as a definitive treatment option for maternal
hyperthyroidism during pregnancy is recommended for patients
who are unable to tolerate antithyroid medications, require large
doses of these medications, or are nonadherent and have severe,
uncontrolled hyperthyroidism [18]. Thyroid surgery during the
second trimester is thought to be the safest option, although thy-
roid surgery during any time in pregnancy may confer an increased
risk of maternal complications, including higher rate of hypopara-
thyroidism, recurrent laryngeal nerve injury, and general surgical
complications [59].
Radioiodine therapy
Use of radioiodine (I-131) treatment during pregnancy is con-
traindicated, but can be an option prior to pregnancy. An important
consideration for patients treated with either radioiodine therapy
or thyroidectomy prior to pregnancy is the continued risk of
persistently elevated TRAb titers during pregnancy. In a prospective
randomized study, hyperthyroid patients treated with radioiodine
continued to have elevated serum TRAb titers one year following
treatment, while those who received antithyroid medication or
thyroid surgery had shorter durations of positive serum TRAb
concentrations [60]. In another retrospective study, use of radio-
iodine therapy prior to pregnancy was associated with a lower
incidence of postpartum thyrotoxicosis, which was thought to be
due to histological changes (various degrees of fibrosis) in the
thyroid gland after radioiodine therapy and possible decrease in the
responsiveness of the remaining cells [61]. Women should be
counseled to avoid pregnancy for six months following radioiodine
therapy [18].
Conclusions
Thyrotoxicosis of pregnancy can present unique diagnostic
challenges and, if untreated, is associated with increased risks of
adverse maternal, fetal, and neonatal complications. The clinical
presentation, serum thyroid function test results, and serum TRAb
titers can help differentiate the etiology of thyrotoxicosis. However,
assessment and monitoring with serum thyroid function tests can
be difficult, as there is significant overlap between test results
arising from normal pregnancy physiology and intrinsic hyperthy-
roidism. Propylthiouracil is the preferred thionamide for treatment
of hyperthyroidism in the first trimester. Radioiodine is contra-
indicated, and surgery, if indicated, should be performed during the
second trimester. Appropriate treatment of maternal hyperthy-
roidism during pregnancy and closemonitoring of mother and fetus
are essential for optimizing outcomes. Treatment should be tar-
geted to achieve serum TSH concentrations within established
pregnancy-specific reference ranges.
Acknowledgments
This work was supported by National Institutes of Health
[K23HD068552] (AML).
References
[1] Kersten I, Lange AE, Haas JP, Fusch C, Lode H, Hoffmann W, et al. Chronic
diseases in pregnant women: prevalence and birth outcomes based on the
SNiP-study. BMC Pregnancy Childbirth 2014;14:75.
[2] Surks MI, Ortiz E, Daniels GH, Sawin CT, Col NF, Cobin RH, et al. Subclinical
thyroid disease: scientific review and guidelines for diagnosis and manage-
ment. J Am Med Assoc 2004;291(2):228e38.[3] GlinoerD. The regulationof thyroid function inpregnancy: pathways of endocrine
adaptation from physiology to pathology. Endocr Rev 1997;18(3):404.
[4] Yeo CP, Khoo DH, Eng PH, Tan HK, Yo SL, Jacob E. Prevalence of gestational
thyrotoxicosis in Asian women evaluated in the 8th to 14th weeks of preg-
nancy: correlations with total and free beta human chorionic gonadotrophin.
Clin Endocrinol 2001;55(3):391.
[5] Tagami T, Hagiwara H, Kimura T, Usui T, Shimatsu A, Naruse M. The incidence
of gestational hyperthyroidism and postpartum thyroiditis in treated patients
with Graves’ disease. Thyroid 2007;17(8):767.
[6] Mannisto T, Mendola P, Grewal J, Xie Y, Chen Z, Laughon SK. Thyroid diseases
and adverse pregnancy outcomes in a contemporary US cohort. J Clin Endo-
crinol Metab 2013;98(7):2725.
[7] Kung AW, Chau MT, Lao TT, Tam SC, Low LC. The effect of pregnancy on
thyroid nodule formation. J Clin Endocrinol Metab 2002;87(3):1010.
[8] Seckl MJ, Sebire NJ, Fisher RA, Golfier F, Massuger L, Sessa C, et al. Gestational
trophoblastic disease: ESMO clinical practice guidelines for diagnosis, treat-
ment and follow-up. Ann Oncol 2013;24(Suppl. 6):vi39.
[9] Walkington L, Webster J, Hancock BW, Everard J, Coleman RE. Hyperthy-
roidism and human chorionic gonadotrophin production in gestational
trophoblastic disease. Br J Cancer 2011;104(11):1665.
[10] Wee L, Jauniaux E. Prenatal diagnosis and management of twin pregnancies
complicated by a co-existing molar pregnancy. Prenat Diagn 2005;25(9):772.
[11] Boelaert K, Torlinska B, Holder RL, Franklyn JA. Older subjects with hyper-
thyroidism present with a paucity of symptoms and signs: a large cross-
sectional study. J Clin Endocrinol Metab 2010;95(6):2715.
[12] Franklyn JA, Boelaert K. Thyrotoxicosis. Lancet 2012;379(9821):1155.
[13] Tan JY, Loh KC, Yeo GS, Chee YC. Transient hyperthyroidism of hyperemesis
gravidarum. BJOG 2002;109(6):683.
[14] Weetman AP. Graves’ disease. N Engl J Med 2000;343(17):1236.
[15] Goldman AM, Mestman JH. Transient non-autoimmune hyperthyroidism of
early pregnancy. J Thyroid Res 2011;2011:142413.
[16] Goodwin TM, Montoro M, Mestman JH. Transient hyperthyroidism and hyper-
emesis gravidarum: clinical aspects. Am J Obstet Gynecol 1992;167(3):648.
[17] De Groot L, Abalovich M, Alexander EK, Amino N, Barbour L, Cobin RH, et al.
Management of thyroid dysfunction during pregnancy and postpartum: an
Endocrine Society clinical practice guideline. J Clin Endocrinol Metab
2012;97(8):2543.
[18] Stagnaro-Green A, Abalovich M, Alexander E, Azizi F, Mestman J, Negro R,
et al. Guidelines of the American Thyroid Association for the diagnosis and
management of thyroid disease during pregnancy and postpartum. Thyroid
2011;21(10):1081.
[19] Garber JR, Cobin RH, Gharib H, Hennessey JV, Klein I, Mechanick JI, et al.
Clinical practice guidelines for hypothyroidism in adults: cosponsored by the
American Association of Clinical Endocrinologists and the American Thyroid
Association. Endocr Pract 2012;18(6):988e1028.
[20] Bocos-Terraz JP, Izquierdo-Alvarez S, Bancalero-Flores JL, Alvarez-Lahuerta R,
Aznar-Sauca A, Real-Lopez E, et al. Thyroid hormones according to gestational
age in pregnant Spanish women. BMC Res Notes 2009;2:237.
[21] Li C, Shan Z, Mao J, Wang W, Xie X, Zhou W, et al. Assessment of thyroid
function during first-trimester pregnancy: what is the rational upper limit of
serum TSH during the first trimester in Chinese pregnant women? J Clin
Endocrinol Metab 2014;99(1):73.
[22] Bliddal S, Feldt-Rasmussen U, Boas M, Faber J, Juul A, Larsen T, et al. Gesta-
tional age-specific reference ranges from different laboratories misclassify
pregnant women’s thyroid status: comparison of two longitudinal prospective
cohort studies. Eur J Endocrinol 2013;170(2):329.
[23] Lee RH, Spencer CA, Mestman JH, Miller EA, Petrovic I, Braverman LE, et al.
Free T4 immunoassays are flawed during pregnancy. Am J Obstet Gynecol
2009;200(3):260.e261.
[24] Kahric-Janicic N, Soldin SJ, Soldin OP, West T, Gu J, Jonklaas J. Tandem mass
spectrometry improves the accuracy of free thyroxine measurements during
pregnancy. Thyroid 2007;17(4):303.
[25] Mandel SJ, Spencer CA, Hollowell JG. Are detection and treatment of thyroid
insufficiency in pregnancy feasible? Thyroid 2005;15(1):44.
[26] Soldin OP, Tractenberg RE, Hollowell JG, Jonklaas J, Janicic N, Soldin SJ.
Trimester-specific changes in maternal thyroid hormone, thyrotropin, and
thyroglobulin concentrations during gestation: trends and associations across
trimesters in iodine sufficiency. Thyroid 2004;14(12):1084.
[27] Midgley JE, Hoermann R. Measurement of total rather than free thyroxine in
pregnancy: the diagnostic implications. Thyroid 2013;23(3):259.
[28] Wilson KL, Casey BM, McIntire DD, Cunningham FG. Is total thyroxine better
than free thyroxine during pregnancy? Am J Obstet Gynecol 2014;211(2):
132.e1e6.
[29] Azizi F, Mehran L, Amouzegar A, Delshad H, Tohidi M, Askari S, et al. Estab-
lishment of the trimester-specific reference range for free thyroxine index.
Thyroid 2013;23(3):354.
[30] Matsuura N, Yamada Y, Nohara Y, Konishi J, Kasagi K, Endo K, et al. Familial
neonatal transient hypothyroidism due to maternal TSH-binding inhibitor
immunoglobulins. N Engl J Med 1980;303(13):738.
[31] Hamada N, Momotani N, Ishikawa N, Noh Yoshimura J, Okamoto Y, Konishi T,
et al. Persistent high TRAb values during pregnancy predict increased risk of
neonatal hyperthyroidism following radioiodine therapy for refractory hy-
perthyroidism. Endocr J 2011;58(1):55.
[32] Burrow GN, Fisher DA, Larsen PR. Maternal and fetal thyroid function. N Engl J
Med 1994;331(16):1072.
A. Labadzhyan et al. / Journal of Clinical & Translational Endocrinology 1 (2014) 140e144144[33] Weetman AP. Immunity, thyroid function and pregnancy: molecular mecha-
nisms. Nat Rev Endocrinol 2010;6(6):311.
[34] Laurberg P, Nygaard B, Glinoer D, Grussendorf M, Orgiazzi J. Guidelines for
TSH-receptor antibody measurements in pregnancy: results of an evidence-
based symposium organized by the European Thyroid Association. Eur J
Endocrinol 1998;139(6):584.
[35] Ide A, Amino N, Kang S, Yoshioka W, Kudo T, Nishihara E, et al. Differentiation
of postpartum graves’ thyrotoxicosis from postpartum destructive thyrotoxi-
cosis using antithyrotropin receptor antibodies and thyroid blood flow. Thy-
roid 2014;24(6):1027e31.
[36] Hershman JM. Physiological and pathological aspects of the effect of human
chorionic gonadotropin on the thyroid. Best Pract Res Clin Endocrinol Metab
2004;18(2):249.
[37] Yamazaki K, Sato K, Shizume K, Kanaji Y, Ito, Y, Obara T, et al. Potent thyro-
tropic activity of human chorionic gonadotropin variants in terms of 125I
incorporation and de novo synthesized thyroid hormone release in human
thyroid follicles. J Clin Endocrinol Metab 1995;80(2):473.
[38] Goodwin TM, Montoro M, Mestman JH, Pekary AE, Hershman JM. The role of
chorionic gonadotropin in transient hyperthyroidism of hyperemesis grav-
idarum. J Clin Endocrinol Metab 1992;75(5):1333.
[39] Glinoer D, De Nayer P, Robyn C, Lejeune B, Kinthaert J, Meuris S. Serum levels
of intact human chorionic gonadotropin (HCG) and its free alpha and beta
subunits, in relation to maternal thyroid stimulation during normal preg-
nancy. J Endocrinol Invest 1993;16(11):881.
[40] Ota H, Amino N, Morita S, Kobayashi K, Kubota S, Fukata S, et al. Quantitative
measurement of thyroid blood flow for differentiation of painless thyroiditis
from Graves’ disease. Clin Endocrinol 2007;67(1):41.
[41] Huel C, Guibourdenche J, Vuillard E, Ouahba J, Piketty M, Oury JF, et al. Use of
ultrasound to distinguish between fetal hyperthyroidism and hypothyroidism
on discovery of a goiter. Ultrasound Obstet Gynecol 2009;33(4):412.
[42] Luton D, Le Gac I, Vuillard E, Castanet M, Guibourdenche J, Noel M, et al.
Management of Graves’ disease during pregnancy: the key role of fetal thyroid
gland monitoring. J Clin Endocrinol Metab 2005;90(11):6093.
[43] Gorman CA. Radioiodine and pregnancy. Thyroid 1999;9(7):721.
[44] Aggarawal N, Suri V, Singla R, Chopra S, Sikka P, Shah VN, et al. Pregnancy
outcome in hyperthyroidism: a case control study. Gynecol Obstet Invest
2014;77(2):94.
[45] Sheffield JS, Cunningham FG. Thyrotoxicosis and heart failure that complicate
pregnancy. Am J Obstet Gynecol 2004;190(1):211.
[46] Zimmerman D. Fetal and neonatal hyperthyroidism. Thyroid 1999;9(7):727.
[47] Kamijo K. TSH-receptor antibodies determined by the first, second and third
generation assays and thyroid-stimulating antibody in pregnant patients with
Graves’ disease. Endocr J 2007;54(4):619.
[48] Levy-Shraga Y, Tamir-Hostovsky L, Boyko V, Lerner-Geva L, Pinhas-Hamiel O.
Follow-up of newborns of mothers with Graves’ disease. Thyroid 2014;24(6):
1032e9.[49] McLachlan SM, Rapoport B. Thyrotropin-blocking autoantibodies and thyroid-
stimulating autoantibodies: potential mechanisms involved in the pendulum
swinging from hypothyroidism to hyperthyroidism or vice versa. Thyroid
2013;23(1):14.
[50] Momotani N, Noh JY, Ishikawa N, Ito K. Effects of propylthiouracil and
methimazole on fetal thyroid status in mothers with Graves’ hyperthyroidism.
J Clin Endocrinol Metab 1997;82(11):3633e6.
[51] Kempers MJ, van Trotsenburg AS, van Rijn RR, Smets AM, Smits BJ, de
Vijlder JJ, et al. Loss of integrity of thyroid morphology and function in chil-
dren born to mothers with inadequately treated Graves’ disease. J Clin
Endocrinol Metab 2007;92(8):2984e91.
[52] Godoy GA, Korevaar TI, Peeters RP, Hofman A, de Rijke RB, Bongers-
Schokking JJ, et al. Maternal thyroid hormones during pregnancy, childhood
adiposity and cardiovascular risk factors: the Generation R Study. Clin Endo-
crinol 2014;81(1):117e25.
[53] Andersen S, Laurberg P, Wu C, Olsen J. Attention deficit hyperactivity disorder
and autism spectrum disorder in children born to mothers with thyroid
dysfunction: a Danish nationwide cohort study. BJOG 2014 Mar 10. http://
dx.doi.org/10.1111/1471-0528.12681 [Epub ahead of print].
[54] Bahn RS, Burch HB, Cooper DS, Garber JR, Greenlee MC, Klein I, et al. Hyper-
thyroidism and other causes of thyrotoxicosis: management guidelines of the
American Thyroid Association and American Association of Clinical Endocri-
nologists. Endocr Pract 2011;17(3):456e520.
[55] Yoshihara A, Noh J, Yamaguchi T, Ohye H, Sato S, Sekiya K, et al. Treatment of
graves’ disease with antithyroid drugs in the first trimester of pregnancy and
the prevalence of congenital malformation. J Clin Endocrinol Metab
2012;97(7):2396.
[56] Andersen SL, Olsen J, Wu CS, Laurberg P. Birth defects after early pregnancy
use of antithyroid drugs: a Danish nationwide study. J Clin Endocrinol Metab
2013;98(11):4373e81.
[57] Mortimer RH, Cannell GR, Addison RS, Johnson LP, Roberts MS, Bernus I.
Methimazole and propylthiouracil equally cross the perfused human term
placental lobule. J Clin Endocrinol Metab 1997;82(9):3099.
[58] Yoshihara A, Noh JY, Watanabe N, Iwaku K, Kobayashi S, Suzuki M, et al.
Frequency of adverse events of antithyroid drugs administered during preg-
nancy. J Thyroid Res 2014;2014:952352.
[59] Kuy S, Roman SA, Desai R, Sosa JA. Outcomes following thyroid and para-
thyroid surgery in pregnant women. Arch Surg 2009;144(5):399.
[60] Laurberg P, Wallin G, Tallstedt L, Abraham-Nordling M, Lundell G, Torring O.
TSH-receptor autoimmunity in Graves’ disease after therapy with anti-thyroid
drugs, surgery, or radioiodine: a 5-year prospective randomized study. Eur J
Endocrinol 2008;158(1):69.
[61] Yoshihara A, Noh JY, Watanabe N, Iwaku K, Kobayashi S, Suzuki M, et al. Lower
incidence of postpartum thyrotoxicosis in women with Graves disease treated
by radioiodine therapy than by subtotal thyroidectomy or with antithyroid
drugs. Clin Nucl Med 2014;39(4):326.
